Cryptosporidium is a chlorine-resistant protozoan parasite responsible for the majority of waterborne disease outbreaks in recreational water venues in the USA. Swim diapers are commonly used by diaper-aged children participating in aquatic activities. This research was intended to evaluate disposable swim diapers for retaining 5-μm diameter polystyrene microspheres, which were used as non-infectious surrogates for Cryptosporidium oocysts. A hot tub recirculating water without a filter was used for this research. The microsphere concentration in the water was monitored at regular intervals following introduction of microspheres inside of a swim diaper while a human subject undertook normal swim/play activities. Microsphere concentrations in the bulk water showed that the majority (50-97%) of Cryptosporidium-sized particles were released from the swim diaper within 1 to 5 min regardless of the swim diaper type or configuration. After only 10 min of play, 77-100% of the microspheres had been released from all swim diapers tested. This research suggests that the swim diapers commonly used by diaper-aged children in swimming pools and other aquatic activities are of limited value in retaining Cryptosporidium-sized particles. Improved swim diaper solutions are necessary to efficiently retain pathogens and effectively safeguard public health in recreational water venues.
INTRODUCTION
Cryptosporidium caused more than 82% of waterborne dis- A quantitative risk assessment model of Cryptosporidium in swimming pools recently confirmed there is a 'significant public health risk' (Pintar et al. ) .
Chlorine is relatively slow and ineffective at inactivating Cryptosporidium oocysts, which is supported by surveillance data. The current product of free chlorine concentration and time (or Ct value) for a 3-log inactivation of fresh Cryptosporidium oocysts can be up to 15,300 mg/L min at pH 7.5 (Shields et al. b) . Therefore, a free chlorine concentration of 1 mg/L can take more than 10 days to inactivate 99.9% of Cryptosporidium oocysts. However, a large number of people may swim in the pool, be exposed, and potentially become infected during that 10-day period.
It is important to recognize that a 3 log reduction of more than 100 million oocysts still leaves more than 100,000 viable oocysts in the water, and infected swimmers might return to the pool and further contaminate it. Sand filters could provide a secondary barrier to Cryptosporidium in pools, but sand filters (without a coagulant) typically only remove about 25% of oocysts per passage through the filter (Amburgey et al. , , a,b) . Based on the slow kinetics of chlorine inactivation of Cryptosporidium, the known inefficiency of sand filters to remove oocysts, and the recent increase in incidence of cryptosporidiosis in the USA, prevention of Cryptosporidium introduction appears critically important for effectively safeguarding public health.
Swim diapers are commonly used worldwide in swimming pools to contain solid fecal releases by young swimmers. Prior research has shown that three brands of swim diapers retained 98-99% of fine solids (i.e., a construction site soil sample) for 30 min of water immersion activity using a wooden block and two plastic bottles coated with neoprene to simulate a child (Maas et al. ) . However, the performance of swim diapers in containing watery diarrheal releases common of Cryptosporidium-infected hosts is still in question. As Cryptosporidium is responsible for the majority of recreational water illness (RWI) outbreaks in the USA, it is critically important that we understand how this pathogen behaves in a recreational water setting. The primary objective of this research was to evaluate some common disposable swim diapers for retaining 5-μm diameter polystyrene microspheres of approximately the same size, shape, and density as Cryptosporidium oocysts. As chlorine and swimming pool sand filters are rather limited in their ability to inactivate or remove Cryptosporidium, knowing whether or not swim diapers are effective at preventing the introduction of Cryptosporidium into pools is instrumental in effectively protecting public health in recreational water environments.
METHODS Equipment set-up
The original pump and filter were removed from a 757 L hot The subject and swim diaper were both wet prior to the simulated watery diarrhea accident. The human subject(s)
were allowed to play normally during experiments, but they were not allowed to leave the spa.
Products used in tests
The swim diapers (Huggies ® Little Swimmers ® , KimberlyClark, Neenah, WI, USA) were used according the weight guidelines on the packaging for each subject. The package also included a warning label that stated: 'To avoid transmission of diseases, do not allow children to enter the water if they are ill or experiencing diarrhea. Do not expect swim diapers to prevent the transmission of diseases'.
Two types of swimming trunks were used in this study. The 
RESULTS AND DISCUSSION
The release of 5-μm microspheres (a Cryptosporidium surrogate) from swim diapers on human subjects is shown in 
CONCLUSIONS
Based on these experimental results, simulating fecal accidents by children with cryptosporidiosis, extremely close supervision would be required to achieve even marginal reductions in Cryptosporidium levels introduced in recreational water venues. Swim diapers offer only limited protection against the release of Cryptosporidium oocystsized particles into pool water with 25-70% release rates within 2 min of an accident for all swim diaper scenarios tested. Moreover, 50-97% of the particles were released within 5 min regardless of the preventive measures immediately following diarrhea should be strongly discouraged in the interests of public health.
